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(57) Abstract 

System for controlling the air composition within a storage room 
for breathing vegetable products. The storage room is connected to 
means for controlling the oxygen contents of the atmosphere in the 
storage room and comprises one or more sensors for sensing the air 
composition in the storage room. A processor is available receiving the 
sensor signals and supplying control signals to oxygen contents controlling 
means. Furthermore the storage room comprises sensors for determining 
the development of metabolites in the vegetable products at the transfer 
of normal breathing to fermentation. The processor based on the signals, 
delivered by said sensors, controls the oxygen contents controlling means 
such that the vegetable products are stored in an air composition in which 
the oxygen contents is as low as possible without fermentation occurring. 
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System for controlling the air composition within a storage room for 
breathing vegetable products. 

The invention relates In general to a system for controlling the 
5 air composition within a storage room for breathing vegetable products 

- which storage room is connected to means for controlling the oxygen 
contents of the atmosphere in the storage room and 

- which storage room comprises one or more sensors for sensing the air 
composition in the storage room, 

10 - whereby furthermore a processor is available receiving the sensor 
signals and supplying control signals to oxygen contents controlling 
means . 

Such systems are as such known from the prior art. To store 
vegetables, fruits or cultivated plant products during a longer time 
15 period within a storage cell it is preferred to change the air com- 
position within the storage cell to obtain an improvement of the 
storage life of the stored products. In general especially the carbon 
dioxide pressure is increased whereas the oxygen pressure is de- 
creased. Periodically air samples are taken and analysed to measure 
especially the oxygen contents and/or the carbon dioxide contents. If 
the oxygen pressure is too high then said oxygen pressure can be de- 
creased for instance by introducing nitrogen. The carbon dioxide 
tension can be decreased for instance by guiding a part of the air in 
the storage room through means for removing C0 2 from said air. Depen- 
25 dent on the type of products which have to be stored in the prior art 
systems the oxygen pressure is set to a experimentally determined 
fixed percentage and the desired air composition can be maintained by 
introducing the nitrogen and/or by introducing or removing carbon 
dioxide . 
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A significant disadvantage of this prior art system is that in 
fact the whole air composition control is based on a preselected em- 
pirically determined nominal value for the oxygen tension. However, 
said predetermined fixed value should not be the most optimum value 
under all circumstances. Furthermore said parameter will be different 
dependent on the type of vegetables or fruits which have to be stored 
in the respective room. 

An object of the invention is now to indicate in which way the 
air composition can be controlled such that the oxygen tension is 
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always near its optimum value whereby the normal breathing of the 
vegetables, fruits or cultivated plant products is as low as possible 
without the occurring of fermentation. 

A further object of the invention is to indicate in which way the 
5 system can be embodied such that independent of the type of products 
to be stored an optimum control of the air composition is obtained. 

These objects are fulfilled in a system as described in the first 
paragraph, in that 

- the storage room comprises sensors for determining the development 
10 of metabolites in the vegetable products at the transfer of normal 

breathing to fermentation and 

- that the processor based on the signals, delivered by said sensors, 
controls the oxygen contents controlling means such that the vegetable 
products are stored in an air composition in which the oxygen contents 

15 is as low as possible without fermentation occurring. 

A preferred embodiment of the system according to the invention 
is characterized in that the storage room comprises sensors for 
measuring the oxygen contents and the carbon dioxide contents in the 
atmosphere within the storage room, that based on the varying values 
20 measured by said sensors the processor determines regularly the ratio 
between the carbon dioxide produced by the vegetable products and the 
consumed oxygen, and that the processor operates such that the oxygen 
contents in the storage room is decreased as long as the calculated 
ratio is approximately equal to 1 . and the oxygen contents is 
25 increased in case the calculated ratio is larger than 1. In this embo- 
diment the development of metabolites is measured indirectly by de- 
termining the ratio between the produced carbon dioxide and the con- 
sumed oxygen. At normal breathing this ratio is approximately to 1 
because in general the amount of produced carbon dioxide is equal to 
30 the amount of consumed oxygen. A decrease of the oxygen tension has 
hardly any influence on this ratio until the point where fermentation 
starts. As soon as the oxygen tension is so low that fermentation 
starts the ratio shows an abrupt strong increase. If this situation 
occurs then the oxygen tension has to be increased. In other words. 
35 the system controls the oxygen tension to a low value whereby a set- 
ting is obtained near the bending point in the graph which is charac- 
terizing the ratio between the produced carbon dioxide and the con- 
sumed oxygen. 
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In an other embodiment of the system either the ethanol present 
in the air or the lactate present in the air is directly measured. 

A first embodiment in which this is applied is characterized in 
that the storage room comprises a sensor for measuring the amount of 
5 ethanol in the air composition, whereby the processor operates such 
that the oxygen contents in the storage room is decreased as long as 
the measured amount of ethanol in the air composition is negligible 
small and the oxygen contents is increased in case the measured amount 
of ethanol exceeds a predetermined small threshold value. 

10 An other embodiment in which the principle of directly measuring 

is applied is characterized in that the storage room comprises a sen- 
sor for measuring the amount of lactate in the air composition, where- 
by the processor operates such that the oxygen contents in the storage 
room is decreased as long as the measured amount of lactate in the air 

15 composition is negligible small and the oxygen contents is increased 
in case the measured amount of lactate exceeds a predetermined small 
threshold value. 

It is especially preferred that the storage room comprises fur- 
thermore a sensor for measuring the oxygen contents of the air in the 

20 storage room and that after determining a measurable amount of meta- 
bolite (such as ethanol or lactate) the therewith corresponding 
measurement value of the oxygen contents sensor is increased with a 
predetermined small amount to obtain a control value for controlling 
the oxygen contents control means. 

2 5 The invention will be discussed in more detail with reference to 

the attached drawings, in which 

Figure 1 shows a schematic illustration of a system according to 
the invention, 

Figure 2 shows the relation between the oxygen tension and the 
30 respiration quotient RQ, being the ratio between the produced C0 2 and 
the consumed 0 2 , and 

Figure 3 illustrates the control behaviour of a system according 
to the invention with reference to a diagram in which the ethanol- or 
lactate contents in the air is shown as function of time. 
35 Figure 1 illustrates in the form of a block diagram a system 

according to the invention, comprising a storage room 10, a nitrogen 
source 12, an apparatus 14 for removing carbon dioxide from respec- 
tively adding carbon dioxide to the air within the storage room 10, as 



i 



WO 96/18306 PCT/NL95/00420 

n 

well as a number of sensors 16a ... l6n for measuring the constituting 
components of the air within the storege room 10. 

Each of the sensors l6a ... l6n supplies a signal to an input 
circuit 30 of the processor 22. Furthermore said processor 22 is 
5 through control outputs 32 connected to a nitrogen source 12. to car- 
bon dioxide removing means lM. to an oxygen source 18 and to a carbon 
dioxide source 20. Furthermore the processor 22 preferably comprises a 
connection to a display pannel 24 for displaying the significant para- 
meters of the process to the user. Furthermore the processor 22 pre- 

10 ferably comprises a further connection to an input unit 26, for in- 
stance embodied as a keyboard, through which the user may influence 
the process which is carried out inside the processor 22. 

The storage room 10 can be used for storing breathing vegetable 
products which includes in a very broad sense vegetables, fruits and 

15 cultivated plant products such as flowers, but also products com- 
prising fungi or bacteries. such as cheeses. For storing all these 
products from a chemical view point two processes are playing a signi- 
ficant role, i.e. 

(1) the normal breathing, whereby glucose in the vegetables or fruits 
20 to be stored in combination with oxygen from the air is converted 

into carbon dioxide, water and energy. This normal breathing can 
be characterized by the very global chemical formula 
C 6 H l2 0 6 ♦ 60 2 --> 6C0 2 + 6H20 ♦ energy. 

(2) fermentation whereby glucose in the products to be stored is 
25 converted into carbon dioxide, ethanol and energy. The condition 

in which fermentation occurs can be characterized by the global 
chemical formula 

C 6 H 12 0 6 — > 2C0 2 + 2C 2 H 5 OH ♦ energy. 

During the storage of breathing vegetable products such as 
30 vegetables, fruits or cultivated plant products one tries in general 
to prevent the occurrence of fermentation. As long as there is suf- 
ficient oxygen in the air there will be (practically) exclusively 
normal breathing. Under the influence of this normal breathing however 
the ripening processes will continue and the products will "age" 
35 relatively fast which is undesirable. 

If however on the other hand the oxygen contents is reduced to 
zero then only fermentation will occur. Under the influence of fer- 
mentation the consistency of the stored. products will change relative 
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fast which Is also undesirable. 

To be able to store breathing vegetable products over a longer 
time period on the one hand the occurrence of fermentation should be 
avoided in general whereas on the other hand the breathing should be 
5 reduced significantly. To reduce the breathing the oxygen contents in 
the storage room should be decreased so that out of necessity the 
breathing will be significantly decreased. In a condition with 
strongly reduced breathing also the "ageing" will be reduced so that 
the products can be stored over a relatively long period. The decrease 

10 of the oxygen tension however has the risk that at too low oxygen 
tension a fermentation process will start which has to be avoided. 

The system, which is schematically illustrated in figure 1, 
therefore has to operate such that the oxygen tension will be main- 
tained as low as possible however without fermentation occurring. On 

15 the one hand the system comprises for that purpose sensors for 
measuring the momentaneous air composition and on the other hand the 
system comprises means for influencing the composition of the air. 

For measuring the air composition the already mentioned sensors 
16a — l6n are incorporated for determining a number of components in 

20 the air composition. Preferably there are at least sensors for 
measuring the carbon dioxide tension (for instance 16a) and for 
measuring the oxygen pressure (for instance 16b) . Therewith it is 
possible to determine the occurrence of metabolites such as ethanol 
and lactate in the storage room in an indirect manner. As long as 

25 there is only normal breathing the ratio between the C0 2 produced by 
the stored product divided by the 0 2 consumed by said product will be 
approximately equal to 1. (Reference is made to the previously pre* 
sented chemical formula for the normal breathing) . If the oxygen pres- 
sure in the storage room is decreased, then the stored product will 

30 consume less 0 2 , however simultaneously will also produce less C0 2 . The 
relation between the produced C0 2 and the consumed 0 2 will remain ap- 
proximately equal to 1. However, if the oxygen pressure in the storage 
room will be decreased too far then fermentation will occur whereby no 
0 2 will be consumed but still C0 2 will be produced (Reference is made 

35 to the previously presented global formula for the situation in which 
fermentation occurs). Therefore, if fermentation occurs then the ratio 
between the produced C0 2 and the consumed 0 2 will increase and will 
grow significantly larger than 1. 
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As result of a fermentation process for instance ethanol will be 
released which can be measured directly by one of the sensors 16. 
Furthermore lactate will be released which also can be measured di- 
rectly by one of the sensors. Another substance which is released 
5 during fermentation is ethyl acetate and also for that substance suit- 
able sensors are known and available. Dependent on the type of the 
product to be stored the most suitable sensor can be selected. How- 
ever, the system can also be embodied such that a number of sensors is 
used each providing an own indication for the occurrence of fermenta- 
10 tion. In this respect a further developed embodiment will be described 
hereinafter . 

For influencing the air composition in the storage room 10 a 
number of already mentioned means are present. To be able to influence 
the oxygen pressure the system according to figure 1 makes use of a 
15 nitrogen source 12 for introducing nitrogen in the storage room 10. By 
introducing nitrogen the oxygen pressure is decreased. If it is neces- 
sary to increase the oxygen pressure eventually an oxygen source 18 
can be connected to the storage room. 

In general it is furthermore desirable to be able to control the 
20 carbon dioxide pressure. The carbon dioxide pressure can be decreased 
by means of the means lH. which is able to remove carbon dioxide from 
the air. Eventually a separate C0 2 -source 20 can be used to introduce 
carbon dioxide in the air. 

The processor 22 in the system according to the invention can be 
25 programmed such that initially the 0 2 -contens in the storage room 10 is 
decreased whereby regularly the ratio between the produced C0 2 and the 
consumed 0 2 is calculated. As long as the calculated ratio is approxi- 
mately equal to 1 the decrease of the oxygen contents will continue. 
At a decrease of the oxygen contents beyond the (unknown) limit value 
30 of a% the calculated ratio will show a sharp rise. As soon as said 
rise is detected the 0 2 -contents is not further decreased but in stead 
thereof a bit of oxygen is introduced into the room, to obtain a small 
increase in the 0 2 -contents. If thereby a situation is obtained in 
which the calculated ratio again is approximately equal to 1. then 
35 thereafter the oxygen contents can be decreased until a rise in the 
calculation ratio is detected, etc. . 

Figure 2 illustrates schematically the relation between the 
oxygen contents, shown along the horizontal axis and the respiration 
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quotient C0 2 /0 2 , shown along the vertical axis. As appears from figure 
2 the respiration quotient C0 2 /0 2 remains constant and is approximately 
equal to 1 for all 0 2 -constants above a certain percentage a*. Beneath 
said percentage aX fermentation will occur and the respiration 
5 quotient C0 2 /0 2 will rise sharply. Said percentage a% is dependent on 
the type of the products to be stored and can be different for apples, 
pears, lettuce* cabbage, flowers, cheeses etc.. The above-described 
control will now strive to maintain the oxygen contents at approxi- 
mately a?. 

10 In stead of an indirect measurement of metabolites, which are 

formed during the fermentation it is also possible to measure these 
metabolites directly. In that case the system has to comprise a sen- 
sor, for Instance 16c, which is suitable for detecting ethanol or 
another sensor, for instance l6n, which is suitable for detecting 

15 lactate. As long as the respective sensor does not detect ethanol or 
lactate, then the 0 2 -contents within the storage room 10 is gradually 
decreased. However, as soon as a measurable amount of ethanol or 
lactate is detected, then a small amount of 0 2 is injected into the 
storage room so that the 0 2 -contents shows a small increase. If this is 

20 sufficient to bring the ethanol or lactate contents back to an im- 
measurable level, then thereafter gradually the 0 2 -con tents can be 
decreased until again a measurable amount of lactate or ethanol can be 
detected , etc. . 

Figure 3 illustrates schematically the variation in the contents 
25 of ethanol or lactate (shown along the vertical axis as function of 
time). A small amount of ethanol or lactate will be formed until a 
minimum measurable limit value, indicated by the dashed line, equal to 
b% will be exceeded. If this minimum measurable limit value is 
reached, then the various means around the storage room will be con- 
30 trolled such that the oxygen contents will show a small increase to 
stop the fermentation process so that the lactate or ethanol contents 
will go down again to zero. Thereafter the whole cyclus starts again. 

Practical tests have proven that such a control method will lead 
to a very long storage life of the products present in the storage 
35 room . 
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Claims 

1. System for controlling the air composition within a storage 
room for breathing vegetable products 
5 - which storage room is connected to means for controlling the oxygen 
contents of the atmosphere in the storage room and 

- which storage room comprises one or more sensors for sensing the air 
composition in the storage room, 

- whereby furthermore a processor is available receiving the sensor 
10 signals and supplying control signals to oxygen contents controlling 

means, 

characterised In that 

- the storage room comprises sensors for determining the development 
of metabolites in the vegetable products at the transfer of normal 

15 breathing to fermentation and 

- that the processor based on the signals, delivered by said sensors, 
controls the oxygen contents controlling means such that the vegetable 
products are stored in an air composition in which the oxygen contents 
is as low as possible without fermentation occurring. 

20 2. System according to claim 1, characterized in that the storage 

room comprises sensors for measuring the oxygen contents and the car- 
bon dioxide contents in the atmosphere within the storage room, that 
based on the varying values measured by said sensors the processor 
determines regularly the ratio between the carbon dioxide produced by 

25 the vegetable products and the consumed oxygen, and that the processor 
operates such that the oxygen contents in the storage room is 
decreased as long as the calculated ratio is approximately equal to 1, 
and the oxygen contents is increased in case the calculated ratio is 
larger than 1 . 

30 3. System according to claim 1, characterized In that the storage 

room comprises a sensor for measuring the amount of ethanol in the air 
composition, whereby the processor operates such that the oxygen con- 
tents in the storage room is decreased as long as the measured amount 
of ethanol in the air composition is negligible small and the oxygen 

35 contents is increased in case the measured amount of ethanol exceeds a 
predetermined small threshold value. 

4. System according to claim 1, characterized in that the storage 
room comprises a sensor for measuring the amount of lactate in the air 
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composition, whereby the processor operates such that the oxygen con- 
tents in the storage room is decreased as long as the measured amount 
of lactate in the air composition is negligible small and the oxygen 
contents is increased in case the measured amount of lactate exceeds a 
5 predetermined small threshold value. 

5. System according to one of the preceding claims, characterized 
in_that the storage room comprises furthermore a sensor for measuring 
the oxygen contents of the air in the storage room and that after 
determining a measurable amount of metabolite (such as ethanol or 
lactate) the therewith corresponding measurement value of the oxygen 
contents sensor is increased with a predetermined small amount to 
obtain a control value for controlling the oxygen contents controlling 
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